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THE SHALE OIL INDUSTRY IN SWEDEN 

BY 

CLAES GEJROT and EDMUND SCHJlNBERG (*) 



SYNOPSIS. The Swedish shaie oil plant at Kvarntorp, which was buiU during the war, has since 
been Inrgehj reconstructed, extended and modernized. It is now in a position to cover its costs in full, in- 
chiding normal dajtrcaiatiorus, and to render a return on the invested capital Manufacturing costs must 
however be further reduced and its products more widely utilized and refined. Thus the surplus of pyroly- 
sis fjnn is in hr mwrrtrd int.it ammonia, {jftsolinr. is to be. refined ctUalyltcally and the ash used as build- 
ing material. The problem* of the purification of flue, gases and the gasification of shale coke are being 
r.ousiderrd in order la open the way for a further expansion of the plant. 

JlfiSUMl?. L'nsinn. suedoise dlmilc de schistc a. Kvarnlorp, constrxdte pendant la guerre, a subi 
pendant ces dernier es amides d' imporiantes transformations et agrandissements eta ete rationalisee, de 
sorte qu'il est possible ddshormais de compemer integral&nent les couts^ y com.pris les dicomptes normaux 
et d' assurer une remuneration an capital investi. Les frais de fabrication doivent cependant Ure encore 
reduils et les produits doivent dire mieux utilises et rafjines. Ainsi, le surplus de gaz de pyrogenation 
doit etre transforme en ammoniaque, V essence doit etre rafflnee catalytiquement et le residn doit etre uti- 
lise comme mat&ri.cl dc construction. On est en train d'eiudier Vepuration des fumees et la gazeification 
du coke de schisie dans le but de creer de nouvelles possibilites d* agrandissement de Vusine.. 

MASSUNTO. L'impianto svedese per la produzione di olio di scisto di Kvarntorp, costruito durante 
la guerra, e stato recentemente in gran parte ricostruito, ampliato e rimodernato. L'impianto 6 oggi in grado 
di roprirc campletamente i snoi costi, inclusc lenormaXi quote di ammortamento, e di consentire unaremu- 
verazione al capitate investito. I costi di lavorazione dovranno tutiavia venire ulteriormente ridotti, ed i 
prodotti dovranno essere raffinati e utilizzati in modo migliore. Ueccesso di gas di pirolisi sard conver- 
tito in anvmoniaca, la benzina sard sottoposta a rafflnazione catalitica, e. le ceneri saranno uiilizzcde 
come vmteriale da costruzion.e. Sono attnalmente alio studio i problemi delta puriflcazione del gas di 
scarico e delta gassificazione del coke di scisto, alio scopo di aprire la via ad una uUeriore espansione del- 
Vimpianto. 



Introduction 

When tho Swedish Shale Oil Co. was formed 
in 1041, its management was ablo to build on 
tho results achieved by Svon V. Borgh, Predrik 
Carlsson, (i.'I!. nullmim, iirov Ilolmhcvg anil 
other engineers and scientists in their many 
years of theoretical and experimental work to 
discover suitable methods of pyrolysis and pro- 
cesses for the conversion of crude shale oil and 
crude gas into marketable products. 

There are two essentially different systems to 
choose between for tho pyrolysis of shale. Firstly, 



there are the methods involving heating of the 
shale, if possible in a wholly enclosed retort with- 
out admission of air, the gaseous "pyrolysis 
products being removed and treated separately 
without admixture of flue gases- Secondly, there 
are the methods involving the combustion of 
the pyrolyzed shaie, the shale coke, in the retort, 
whereby the gases of pyrolysis and combustion 
are mixed and removed together. 

In view of the composition of the Swedish 
shale, methods belonging to the former group 
only were initially adopted in Kvamtorp. The 
same applies to Ljungstrdm's more recently 



{*) Swedish Shale Oil Co. Inc., Kvarntorp, Sweden. 
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developed electrothermal « in situ " method and 
the modified Bergh retorts, i. e., the so-called 
Kvamtorp method. 

The composition of Kvamtorp shale is as 
follows: 

SiO, 4 2 -i6 % Carbon about 18 % 

£.0. 1S.5-U% Hydrogen 2% 

K.0 about * % Ash ?? 0/o 

ww> 5J 5 « eat Vftlue ftbout 2000 ^cal/ke 

ofo «x™ "\ PwlTBis accorainff to Fischer 

CaO about i % - ?iye 5.8 % oil. 86 % coke, 

3.1 % water tuui 4.8 % gun 

Prom the start the plant was equipped with 
a sulphur recovery plant for penning the gaseous 
pyrolysis products by removing their hydrogen 
sulphide content of roughly 20 %, and for the 
production of superior quality sulphur in quanti- 
ties sufficient to meet the requirements partic- 
ularly of the Swedish sulphite mills during the 
emergency caused by the war. 

Modernization and Expansion of the Plant 

In 1945 it was decided that the shale oil 
industry should be regarded as a normal peace- 
time undertaking, capable of covering its over- 
heads and current expenses . without State-aid 
and, of course, as far as possible returning inter- 
est on the invested capital. A rather considerable 
additional capital was required for reconstruc- 
tion and extension of the plant and for covering 
losses during the years of transition. Since the 
Swedish shale oil deposits were considered ade- 
quate to justify this capital expenditure, a pro- 
gramme was worked out for the reconstruction 
of the Kvamtorp plant, based on experience 
gained up to that time. 

Of the total heat contents of the shale, about 
29 percent is recovered as condensable oil, 18,5 
percent as gas, and the remainder as coke with 
a heat value of about 120G kcal/kg. The coke 
calories are of a magnitude that makes it essen- 
tial to utilize them. In the Bergh oven the 
coke was burnt with a great surplus of air. The 
capacity of the oven was determined by the rate 
at which the coke could be burnt without the 
risk of sintering the ash (sintering point 900- 
950°C). In the two other methods the heat value 
of the coke was not utilized. Intensive research • 
and experimental work resulted in an entirely 
new combustion method based on the La Mont 
principle. The shale coke was burnt in tall 



shafts in which cooling pipes wore placed. The 
latter were connected to a La Mont circulation 
system operating at 25 atm. pressure. The sumo 
idea was also adopted for the coke combustion 
..in. the Bergh ovens, whereby the capacity limi- 
tation due to the sintering risk was overcome. 

The installation of the coke combustion 
plant, and the increase in capacity of tho Bergh 
oven provided the requisite conditions for advanc- 
ing towards the above-mentioned goal, that 
is, a system of production which would prove 
economically feasible under normal marketing 
procedures. The realization „r this goal natu- 
rally presupposes a return of the lull market 
value for oil, gas and steam. 

Tho oil' must, be fractionated and Lho crude- 
gasoline antl kerosene must bo roiiued. Processus, 
especially suitable to the particular proper- 
ties of the shale oil, were worked out, and the 
products obtained have successfully competed 
with imported oils. The non-condensable gas 
contains, among other things, a mixture of 
hydrogen sulphide, hydrocarbons, hydrogen ami 
nitrogen. The analysis is as follows: 



H,S 19.0 vol.- % 

00, 8.0 

CO O.G " 

O a 0.8 

H t 10.5 

N, 25.0 

OH t 17.1 



c »n t 5.8 vol.- % 

c,n t o.7 

C a U, 2.0 

CH, i.2 

0 4 -hydrocarbons 1.8 

>C« 1.5 



The importance of sulphur production from 
hydrogen sulphide is manifest, and the capacity 
of the sulphur plant was therefore increased 
from the start. The output today is about 
28,000 tons per annum, or roughly half of Swe- 
den's total consumption. The quantity of gas 
remaining after removal of the hydrogen sul- 
phide represents about ii,000 m 3 (STP)/h with 
a heat value of about 0,000 kcal/m/(STP). Tho 
gas contains about 100 g light gasoline ami 125 g 
G 3 and C* hydrocarbons per m 3 (STP). These 
products are recovered in a separate plant. The 
former product is refined together with the 
crude gasoline. The latter product is sold under 
the trade name of Gasol (liquefied petroleum 
gas) to a quantity of 12,000 tons per annum. 
The gas remaining after the recovery of (iasol is 
used as fuel in the shale oil plant and for the 
Orebro Municipal Gas supply. 

The steam produced in the Kvamtorp re- 
torts and the coke combustion plant is used 
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par 1.1 y as process steam and partly for power 
production. - The power produced is used as 
process power in the plant and the surplus power 
corresponds to the basic load which must al- 
ways be applied to the Ljungstrom electrother- 
mal field. The Ljungstrom process today con- 
tributes about 20 percent 6f the "companvV 
total -production of oil and .gas. : ...\ p v 

The shale beds at -the same time yield large 
quantities of bituminous limestone, which is 
separated, burnt and sold as agricultural and 
industrial lime. 

The annual production capacity is shown 
in Fig. i. 

Economy 

Reorganization measures have, of course, 
been aimed not only at increasing production 
but above, all at reducing manufacturing costs 
per unit. It would take too long to give an 
account of what has been planned and achieved 
in this respect. The result may be best under- 
stood from the number of days* work per 1000 
kronor of sales value recalculated at equivalent 
prices in the two years under comparison. If 
the sales value is ' recalculated at the 1951-52 . 
price level, the number of days* work fell from 
21.1 in 1946-47 to 10.1 in 1953-54. If this result 
of reorganization is instead expressed as costs 
per 1000- kronor of sales, also recalculated at the 
1051-52 price level- it is* found that the costs 
mvo fallen by more than 40 percent. 

The company's last, definitive balance sheet 
shows that costs excluding depreciation and 
intnrost on capital loans -are about 3 percent less 
than income. The income,- on the other hand. ~ 
is 12 percent lower than the figure required for - 
full coverage of normal depreciation. *A quite 
(Uffercmt picture is seen, however, if the figures- 



company r has been ''severely:'- hit : by the rise in 
. wages;- and ;■; costs ;.qf, : : materials ;that ■ has ': taken 
I place '/since 195oV : T/-;\i^ 



"•'Future 'Plans 



If. : jKvarntorp had, ^.concentrated -;<on oil 
production "alone, the ■ company - would : have 
incurred such losses, ' without even taking de- 
preciation : into account, that operation under 
normal peace-time: 'Conditions tvould have been 
: economically; impossibl^/r ^he. utilization of the 
by-products - 1 of gas, 
however, has made it possible ' for. the company 
to . realize, its goal of fully " febverihg, its costs 
including normal ' 3epfeciation and return on 
capital . investment. UThis state Hof , affairs : *vill 
hot ;be attained} ; howevery-iin^ 
costs have been still - further lowered and the 
present products : have .been further refmed in 
order to fetch a higher market price. The gas 
tnustcbe used for other purposes than fuel, and 
some mse ; friust be . found for the ash. ' 

The >Pyroiysi$ Gas. -. 

.. The pyrolysis gas which remains after extrac- 
tion of the hydrogen sulphide ' and " .Gasol 
and which .attains a : quiarltity of about 11,000 
m» (STP)/h£U has :^the; hfdilowing r approximate 
composition: ^ " 



H, , "K 25 rohf %^.CH, . ' ' 25 ▼oi.-\% 
CO„eo and O, 5\ x,i U -.zAV- . • : .-v. :•■ '\ 



Of „ the above • quantity/ 6000 m^ (STP) are 
required^as process ..fuel in the; plant, while the 
remainder 1 can \be released, ; ifof^ather purposes. . 
A. plant- : is : under construction^ m "which Uhis 
_ ,* , i , _ ~ - -r i - — « B «^w latter 'quantity^ after thermal- 5 crackins of' the 
? f . a the 1048 Ievel of dosts and hydrocarbons with ' water-vapmir, -will Be W 
? nf;'^ 1 ?^ V ' f SUr ? lUS ° f about 10 % verted int0 a 'S as imposed of Vfi percent hydrd^ 

The change . geri and '25; percent nitrogen^ which will then 
m the cost level has m fact meant a percehtuar"T5e-usecT ;, fbf 

aTnHl? TT^T ^ 5 V /o ' Wh ^^ The * annual VoductioJ 

thl ?04S lif S?. du ? t8 1 onl y lie 12 % above will be 22,000 tons' with-fi sales : value many 
nVirrSf, n ^ CaUSe the com P an Y tim * s a * *ouid have been obtained if it 

purchases no raw materials, no fuel, and only had been • Used f or the production of electrical' 
limited quantities of; electrical energy." This •<>wu^--v**m power plant.- The quantity ' 
act is r of course, very important, particularly of gas Is too "small . to ' Make its transport by > 
in the event of war, but it also means that the pipelMto other consumers 1 ^feasible proposition. 
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OIL SHALE 
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SULFATE. ) <LJUNGSTROM, 
1100 t./yr. 



CRUDE OIL 
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GASOLINE 
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~1 




REFINING 
DISTILLATION 



UNCONDEN- 
SABLE GAS 




SULPHUR 
PLANT 



LIQUEFIED 
GAS PLANT) - 



LIGHT 
GASOLINE 



FUEL GAS 
FOR OVENS 
ETC. 




SURPLUS 

GAS 
10.000 m 3 /hr 



STEAM AND 
POWER PLANT 



STEAM 
UO t./hr. 



JL 



EL-POWER 
20.000 kw 



Fig. i. Annual Production Capacity of Kvarntorp Plant 



The crudo oil is subjected to topping, yielding -Hhe:^ 
crude gasoime with a final boiling point-of 200°C U;dium^hd : ;M^ of aluminium ; 

and a heavy oil. The latter is sold as : fuel oil^atid^ the^shale ; - 
but pilot plant experiments have proved that :^asfe 

a fully satisfactory' transformer oil ' knd' : aA^ r ' : - r ^ r :V : <r 
acceptable diesel oil can be produced by hydro^\:f^^ 

genation or extraction with furfural. This applies. . 



has already done some 
will continue its efforts 



work on this process Ema..v! Jo^ has } 

ts still further. ; : . •f'vv'^QW-bee^ j^g0dtioh.iowihg:;tc).j ; 

Gasoline ■.. ' ■ . :• • i ! ^lOf^}*!?^ 

■ . ■'. \' • "v^v ' 

Ine crude gasoline is at present refined' witti^sti^^ 
concentrated sulphuric acid, which produces' ^aSHsl/b^ 
very good quality of gasoline with a high octanClibfVi^ 
number, but unfortunately the losses are consid'-';:f :bi^ 
erable. The demand for higher octane num^ere^'steam^give^ 
is growing year by year, and other refining l; ; at^ 
methods have therefore been investigated; A§f!ttea/ toother w^ 

new catalytic method, including a low pressure:£di65ude is Compressed:; 1 and tiiquifled, ' ^The uh^ 
hydrogenation in the presence of a selective' ^desirable oxidatibii to, sulphate is prevented by : 
catalyst with subsequent reforming., has proved I,. the addition of kninmoitbr alid by working at a 
very suitable. The obtainable yield is entirely;.'^ lbW ' te^perat^I^^r^'^nr" ""V-'V-:. • ' 
dependent on the degree of reforming, the losses' The other : method of purifying the flue gases' 
being a gas with a high " Gasol. " content. The ± i§ ;ad§biptibn" on. s6.me active form: of Carbon of* 
gasoline obtained is stable with a high mductibnj&siliea: 1 ^ adsorption a part 

time and good -lead sensitivity. W;|^^8Mioxid§ ^fay^Midiges into tfidjcidd Which ,; 

Ask . : ffiettJ_tedu66dvto; dfdxidtfby; the- carbon' during '• 

o K , , . . "' < : r^ !;:i V;Sdei6rpti6fe 

Mec Z 13 . n °* an mert material,: but ' pbs-#with;carbon dibSide?^As 

sesses certain hydraulic properties. Attempts: £ takes .plicefa cheap active carbon must be used., 
have therefore been made to use it for bricks! ^ v; L igmte -coke has^beer found to Possess good : 
and as a cement extender. Bricks are produced ;£ads6rptibh-*ahd* desorptibnipropertiesv ^Silica., 
from finely ground ash, lime, water and- small^gel .has" proved 'ah^cellenf: adsorption ; agent;- 
quantities of certain chemicals.. This, mixtufe-irpfovided that., the> flue ;gas ds 'dry; .• Ah organic-: 
is poured into moulds, vibrated or' compressed ^ p^duc^ ini' ^ to: 

»n tht h° f ^ Steam - The bricks meet ^oxidation will also- be^rlM'as an adsorption agent. - 
afi the demands made on ordinary burnt .brick,: ^The:^^ of . 

and in certain respects is in fact superior, At*$toese'/metftodSl^t^ 

tempts to produce hollow bricks are also proceed- WclesUn . the ^ flue;gasHs : ies^an»80 mg/m* (STPpi 
mg. If ordinary cement is- mixed with. , 204 A •purification: td^this degree Jcah be •• easily ar-- 
percent fine-ground shale ash, its strength after pranged by means' of 'ahr electrMIter. '-- 
28 days storage is increased. Also in other •&&l!piud:gageS:thit;h&v^bee^ purine*by : any of 
respects the ash-mixed cement has better charac=^;th^e ;: m ethbdsm into 'the chimney 

tenstics than unmixed cement. Concrete, too, ; 4irwM6Ut''ihe6ft r. « }& 

made from this ash-mixed cement, fulfils aU# : ;\ : Under pfesent16ohditibn§V^ome»500,000 m* 
the demands normally made on concrete. Pinal ; >(STP); of flue: gaW are : obtained per hour, - This 
tests of frost resistance are under way. The v-;- would '-'mean, tin ^annual : production -of up 1 to 
ash may also find a use in the building of roads ;?\80,00tt: tons • m liquid smphuf oioxide^a^ product ^ 
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: converted! * ">° s "'°" *> Swedish industry - ami 

> - Els t? ^"-^-. "'~^^r !ish *•*!•—• — 

. . , . mg uaus plants, ; and. -.the.: production , of ■sulphur:- •.. ■ 

■ - ; W ° T h i n jr e r£ year/ .m^"::i,This paper was presented on June 13th 1955 
, ucts, . recovered ; at ; ^ 

; . .hjghest .quality^^Wheh^^the ?ftb6ve,mentionete . .^X'" " ,' " • ■ • V ' * ■ ' 
- ■ processes,;which : §re all weUlin line with thVpres-^-- ' - '^ " • • ' Discussion' ' 
. ; \ ent . capacity" or th^plant^have been natizad^-&X' '■■ . ' . 

• . . , -some .of .the^roductji ■swtiMfr -furWr: refine* -to^ ; 4H^' '' Sc . HAECHTER {Israel ' Mining Industries, 
■: more : valuable;^roduets:Mand' : ^ ~ W a . . Anybody who has 

/ . products abtainedl% The flue? gases : will be'clean^ • 66n ^ orkm & in this field tias been very much 
, ed and Jhe ash will be /utilized as far/as is consid- 'j ™^ r f sed b Y the efforts of the Swedish Shale 

• ■ ; .?ered possitye^today^ maintain their industry on 
, . gas will, be converted: basis, I would like to ask if 
; . tiqn, ,thefe,is a:cert&Elproduction bflgriculturaP 'v? 6 P 1G * ure .they have considered the possible 

: and industrial lime; and ofblectric- energy ^Evert^ 1 * ^ 1011 of uranium. It is known that 

• if a furthercrationalizatidn'bf.the ^ plant. Should & ^ any; ? h * les - contain a certain amount of ura- 
-|.; bring jrtjQutCa, .possibie. j^pe'kenfr-'-iiicreise ^r^^, 1 Mk if anything of this kind lias 
;: ■•; capacity,' this wpuld hardlyJaffect a&plahg thaP S onsid ered for the Swedish shale. I would 
r -.; have been. tQuched:%on : th'erU^ to ask twQ .more questions. One is: 
••. ■ • \ ''" ; ;!¥M^^^^:^^i^i v ^*-??'. the . con tent of carbon in the spent shale 

Further EjAension^£ : M^lS ; W^^^ ? y6S * he plant ? ^ d other 

•:. m ' ■' ' connected, with the economic 

• ; . -,The questibn;;Qf;:,extenQ^|:^ picture: do the Swedish shale oil engineers expect 

? ,; V .PU plant . has been;; d^ pay ultimately on the basis of 

Possible -. ;until the,, problem/i of M :pur^ingn'the-^- ei -^ e ? em P* f rom the usual taxes on other fuels 
!? : .. flue gases has.heen;;soived ; op ^ or do they think they could make it, even paying 

• :i * : °f;:Pyrolysis .haY^ 
&■ : solution iMh* gasification' instead^ combustion ~- • r t y 

.. .. °rthe...shal^ There is a special 

- with Vheat ^lu^ the Swedish 

as gasifying agents withlthe-coke-in a fluidized^' IS.? ™ , f rt 13 Posable to 

: bedA.method, a; gas. with; --about 'AnV .^^ , umuum ln small quantities. It is 

; (stp) should' A^^^S^S^-^T t '7^ ]0 for me ' t0 " day t0 give 'y ou 

: this: end;. in .view^havp-beeSSl -^''STnnf ^ mformatioQ hi this.. respect, and 
. probably be -^^^^^^^1^ ^ thing I can do is to tell you that the 

1 . gas , obtained 'can: ^S^,-^^^^'?^ 1 ^ ° f Ura " iU1X1 |in ° Ur shale » about ««> 
I :• with .sulphur-freei^dS^S. ?Sta^C2 1 ^• t0n, that is a very low con- 
gas, or bysome ^^treataent;Mcn:'asS?'^tfrt figures are published, so. I can refer 

V;, • ni Z aUon.Lta,perimt..^ In South Africa there is about 

r:-»rted^«^ that they 

if the Swedish : 

great as pily fflStS ^ make - competition to other 

■ : , manufactured gfeo^tabSS a "Y -tate" aid at 

.eansi^ab^ 



duties on the products we produce in the Swedish. ; : ,Hibri^ 
Shale Oil Plant in Sweden. When we : have > what; is^ 
fulfilled our intentions, the shale oil plant wiU^?: and .irifbMation 

be an absolute peacetime undertaking,' which •. ' -*rr- 

fulfils all the requirements that can possibly^ 

be demanded from such an industry. ' Fin ally, W^S^^ he^ may 

I would mention that the percentage of organi^^ 

carbon in the spent shale is about 3 %. - " o ^>in;thihk;thefe ; is a: very-: lowl iiitrogen content in o 

£ the . shale, itself 'MiM Regards vthc high Tiiitrogen 
E. J, Gohr (Esso Research and Engineering ;jS;c6irte^ 'analysis 
Co. - New York,* N. Y. USA). I would -first""^^^ air .»:■ 

like to compliment Mr. Gejrot and the Swedish.;%c"^^ 

Shale Oil Company on the very important w6rk/4^ the 
they have done on the utilization of 'oil.shale^?bru^ 




^gbodvfinisHBd- product'; 

.nitrogen is reduced in the hydrogenatiori bpefa*r^ ■*.; -y-'"^y : 

tion. And my third question is: is there' &ny^^^ 
treatment given to the raw shale oil befofe it:-^ 
is hydrogenated, is it coked before hydxpgenaxfC h&Ve^ 
tion, for example ? ' " . ■ ■ — ;^ay^ 

My fourth question is: is there any information' - 2&.to 30 atiftf arid^thfif^feiectiVe catalyst* which ; 1 
that the gentlemen frorn Swedish Shale Oil > cah^be' ; :^egenemt this prob-.\ 

(Company may give us on the operating 'cond£ :;:"lemvwi^ 





